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Abstract 
An electrostatic nanocomposite from Rhodamine 6G (R6G) and GO for the cost-effective, label-free, facile, sensitive 
and selective detection of DNA was constructed. Upon the interaction between positively charged dye and negatively 
charged GO, the charge-transfer complex R6G+GO- formed and significantly fluorescence quenching was observed. 
Due to the high electrostatic and non-covalent interactions between R6G and DNA, in the present of DNA, the 
interaction between R6G and GO was disturbed, which will turn on the fluorescence of R6G. The key advance of this 
R6G+GO- biosensor platform is attributed to the high quenching and absorbing capabilities of GO, which make it an 
effective candidate for DNA detection. 
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1. Introduction 
The development of nanomaterial-based biosensor becomes a hot spot of research due to their optical, 
electric and catalytic properties [1]. Graphene oxide (GO) has received great interest because of its unique 
properties such as good dispersity in water and a substantial distinct from graphene and reduced GO[2]. 
The photophysical feature of GO has made it a powerful dye quencher, therefore, graphene-based 
biosensors was employed in widespread applications in molecular diagnostics, industrial and 
environmental monitoring and civil defense. Non-covalent assembly (e.g. hydrogen bonding, acid/base 
proton transfer, and electrostatic forces) is a critical strategy to regulate spacing and structure in the 
resulting nanocomposite system[3]. In the presence of aromatic domains and functional groups, GO can 
be considered as a weak acid cation exchange resin to react with metal cations or positively charged 
organic molecules [3d-3e]. This feature has encouraged the marriage of GO with inexpensive, label-free, 
common and stable organic dyes to develop novel biosensors. Nevertheless, there have been only few 
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reports on the development of GO-organic dye nanocomposites as biosensors, and their potential as 
biosensors has not been fully explored. 
Herein, we construct an electrostatic nanocomposite from Rhodamine 6G (R6G) and GO for the 
cost-effective, label-free, facile, sensitive and selective detection of DNA (Scheme 1). As shown in 
Scheme 1, upon the interaction between positively charged dye and negatively charged GO, the 
charge-transfer complex R6G+GO- formed and significantly fluorescence quenching was observed. Due 
to the high electrostatic and non-covalent interactions between R6G and DNA, in the present of DNA, the 
interaction between R6G and GO was disturbed, which will turn on the fluorescence of R6G. The key 
advance of this R6G+GO- biosensor platform is attributed to the high quenching and absorbing 
capabilities of GO, which make it an effective candidate for DNA detection. 
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Scheme 1. Ion-exchange process between GO-Na+ and R6G. 
2. Experiments section 
Materials and Reagents. All reagents used were of analytical grade. Graphite powerˈ
Doxyribonucleic acid (DNA), Ribonucleic acid (RNA), Na2CO3, KMnO4 and Rhodamine 6G were 
purchased from Asbury Carbons Ltd. (Shanghai, China), Biosharp, Bo'ao Biotechnology Co., Ltd. 
(Shanghai, China), Bodi Chemical Holding Co., Ltd (Tianjin, China) , Jiaozuo Chemical Plant (Henan, 
China) and Merck, respectively. 
Synthesis of Graphene Oxide. GO was synthesized from graphite via a modified Hummers and 
Offeman’s method[4]. 1 g of graphite flakes, 0.5 g of NaNO3 was taken in 500 mL round bottom flask and 
23 mL of conc. H2SO4 was added to it. Then 3 g of KMnO4 was added slowly to the mixture at ice bath, 
to avoid rapid heat evaluation. After 2 hours the reaction mixture was allowed to stir at 35 °C for 30 
minutes. Finally, the reaction mixture was added to 50 mL of water allowed to stirr at 98 °C for 30 
ministers, which results change of color from yellow to brown. Then 85 mL of water allowed to stir, and 
the reaction was ended by the addition of 4 mL of 30% H2O2 .The warm solution was then filtered and 
washed with 5% HCl and then with water. The dry product was dissolved in water sonicated to exfoliate 
oxidesed graphene. 
Synthesis of the complex R6GˇGO-. 100 mg of GO was dissolved in 30 mL of DI water using table 
top ultra sonicator (100 Hz), then 10 mL of 2% Na2CO3 was added to it. The mixture was well stirred and 
sonicated for a while. Excess Na2CO3 was removed by dialysis till pH is 7-8. Then 30 mL of Rhodamine 
6G (3×10-3 M) aqueous solution was added the above NaˇGO- sediment. Resulting mixture was sonicated 
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at 15-20 °C for 3 hrs, excess dye was removed by dialyzing with DI water for several days. The resultant 
product was dried for further use. 
Apparatus. The crystalline structure and composition of the GO were identified respectively by a 
D/max-IIIC X-ray diffractometer (Shimadzu, Japan). Fourier Transform Infra-Red (FTIR) spectra were 
taken with a Spectrum One FTIR spectrophotometer (Perkin-Elmer, America) at room temperature. 
Atomic force microscopy images were collected in the tapping mode using Nanoscope Nanoscopeċa. 
The UV-vis absorption measurements were performed on ZF-I Three-operating UV analyzer (Gucun 
Electricity Light Instrumental Factory, China). The fluorescence measurements were carried out by 
RF-540 fluorophotometer (Tokyo, Japan).AWH-2 vortex mixer (Huxi Instrumental Co., China) was used 
to blend the solution. A pHB-4 pH meter (Ruosull Technology Co., China) was used to measure the pH 
of the solution. 
3. Results and Disussion 
The protocol for preparing GO was synthesized from graphite via a modified Hummers and Offeman’s 
method[4], which can be characterized by atomic force microscopy(AFM), X-ray diffraction (XRD) and 
Fourier transform infrared spectroscopy (FT-IR). Figure 1a and 1b showed the AFM image and height 
profile of GO.  From the typical AFM image, the average thickness of GO sheet was about 1.0 nm. The 
FTIR of GO further provided the information of the successful synthesis of GO. As shown in Figure 1c, 
the FTIR spectrum gave the characteristic vibrations of GO, as those reported in previous work[5], 
including a broad and intense peak of OņH group at 3439 cm-1, a CőO peak at 1725 cm-1, an OņH 
deformation peak at 1394 cm-1, a CņOH stretching peak at 1261 cm-1, an CņO stretching peak at 1060 
cm-1, and a peak attributed to the vibrations of unoxidized graphitic skeletal domains and the adsorbed 
water molecules at 1625 cm-1. X-ray diffraction data of natural flake graphite and GO were showed in 
Figure 1d. A peak was obtained in the diffraction angle 2ș of 26.52°, which showed the high 
crystallization of natural flake graphite, while the diffraction angle 2ș of GO was showed at 10.94°, 
which demonstrated the successful synthesis of GO. 
 
Figure 1 Characterization of GO. a) AFM image and b) height profile of GO. c) XRD and d) IR spectra of GO. 
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For the synthesis of R6G+GO- complex, the carboxyl protons at the edges of GO first undergo ion 
exchange with Na+, and subsequently with R6G+[3d-3e]. The linkage between R6G and GO resulted in 
the fluorescence quenching of R6G due to the charge transfer interactions between R6G+ and GO-, as 
shown in Figure S1a. In the Figure S1b, the FTIR spectra of R6G+GO- provided the information of 
vibrational peaks attributable to both GO and R6G. The UV-vis absorption spectrum of the as-prepared 
R6G+GO- showed a well-resolved maximum absorption at 528 nm (Figure S1c). Compared with the 
absorption peak of free R6G, the peak of R6G+GO- complex broadened, which indicated the strong ionic 
and ʌ-ʌ stacking between R6G+ and GO-. Figure S1d showed the concentration-dependent UV-vis 
absorption spectra of R6G+GO- from 11.2 to 25.2 mg/L (1–8, respectively). The linear relationship 
between the absorption value and concentration of R6G+GO- demonstrated the well-dispersion of 
R6G+GO- in aqueous solution, which could favor the application of R6G+GO- for sensor in biological 
fluids. 
To demonstrate the possibility of the R6G+GO- complex for probing DNA, we investigated the 
influence of DNA on the fluorescence of the R6G+GO- complex (Figure 2a). In the present of DNA, the 
electrostatic and noncovalent interaction between the DNA and R6G+ was disturbed and then made the 
restoration of the fluorescence of the R6G+GO- complex. Thus, we deduced that the recovery of the 
fluorescence emission of the R6G+GO- complex was due to the competition to interact with the R6G 
between GO and DNA. The calibration curve for DNA detection in the concentration range of 0.2 nM 
to10 nM was shown in Figure 2b. The precision for eleven replicate detections of 2 nM DNA was 3.8% 
(RSD). The detection limit for DNA was 0.01 nM. 
 
 
Figure 2 a) Fluorescence spectra of R6G+GO- complex (1 mg/L) with different concentration of DNA, b) The calibration curve for 
DNA at different concentration. 
The fluorescence probe based on the R6G+GO- complex offered an excellent selectivity for detecting 
DNA in the presence of main relevant metal ions and macromolecules biological fluids. Figure 3 
illustrated the fluorescence change of the R6G+GO- complex upon the addition of relative metal ions and 
macromolecules. 100-fold excess macromolecules and 100000-fold excess metal ions were used 
throughout the experiments. The fluorescence response of the R6G+GO- complex to DNA is about 6.2, 
6.1, and 6.1 times those toward 100-fold excess RNA, BSA and glucose, respectively. 100000-fold excess 
metal ions such as Zn2+, Mn2+, Fe3+, Fe2+, Cu2+, Ni2+, Ca2+, Mg2+, Na+ and K+ showed negligible 
disturbances. Thus, the designed R6G+GO- complex can work for facile, cost-efficient, label-free, 
sensitive and selective detection of DNA. 
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Figure 3 Fluorescence intensity changes of R6G+GO- (1 mg/L) complexed with DNA (0.8 nM), RNA (80 nM), BSA(80 nM), 
glucose (80 nM), Zn2+(80 ȝM), Mn2+(80 ȝM), Fe3+(80 ȝM), Fe2+(80 ȝM), Cu2+(80 ȝM), Ni2+(80 ȝM), Ca2+(80 ȝM), Mg2+(80 ȝM), 
Na+ (80 ȝM)and K+(80 ȝM), respectively. 
The possible interaction mechanism between R6G and DNA could favor us to understand the 
mechanism of R6G+GO- complex platform for fluorescence detection of DNA. In Figure S2, the addition 
of DNA significantly quenched the fluorescence of the R6G at 550 nm indicating that the interaction 
between R6G and DNA occurred. The fluorescence quenching is usually divided into static quenching 
and dynamic quenching, which could be distinguished according to the results from Stern-Volmer 
equation at different temperatures [6]. The quenching rate constants were decreased with increased 
temperature for the static quenching. However, the reversed results was observed for the dynamic 
quenching [7]. In order to confirm the fluorescence quenching mechanism, the fluorescence quenching 
data at different temperatures (304 and 314 K) were analyzed using the Stern-Volmer equation: 
F0/F =1+KSV [Q] 
where F0 and F are the fluorescence intensities of albumin in the absence and in the presence of a 
quencher, respectively, Ksv was the quenching rate constant of the biomolecules and the Stern-Volmer 
dynamic quenching constant, and [Q] is the quencher concentration. In Figure 4a, the results showed that 
Ksv increased with increased temperature, suggesting that the probable quenching mechanism was static 
quenching procedure. Thus, a stable complex between R6G and DNA was formed. Binding constant K 
and the number of binding sites n for R6G-DNA were summarized in Table S1. 
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Figure 4. a) The Stern-Volmer curves for the interaction between Rhodamine 6G and DNA at 31°C and 41°C; b) The influence of 
the DNA and RNA on the fluorescence of Rhodamine 6G. 
KI is a conventional anion quencher for investigation of fluorescence-quenching mechanism. Figure 
S3a and S3b displayed Fluorescence quenching of R6G with KI in the present/absence of DNA. In Table 
S2, the quenching efficiency of KI to Rhodamine 6G with DNA is higher than that without DNA, which 
demonstrated that Rhodamine 6G interacted with DNA by the intercalative binding model [7b]. The 
influence of RNA and DNA on Rhodamine 6G were investigated in Figure 4b. The results showed that 
DNA could significantly quench the fluorescence intensity of R6G while RNA in the same concentration 
range nearly had no influence on the fluorescence of R6G, which also indicated the intercalation of R6G 
into DNA base pairs. The small aromatic ligand molecules such as R6G are well-known to bind with 
DNA double helical structures via electrostatic interaction and intercalating between stacked base pairs 
and the minor groove binders. Therefore, the addition of DNA can restore the fluorescence signal of the 
R6G+GO- complex by competing with the GO for RG6 from the R6G+GO- complex. 
4. Conclusions 
In conclusion, a novel, label-free, selective and sensitive sensor based on R6G+GO- complex was 
developed for probing DNA. The addition of DNA can restore the fluorescence signal of R6G+GO- 
complex by binding with R6G and removing it from the surface of the GO. This method will favor the 
establishment of conventional dye-GO system for specific detection of analytes through a simple 
ion-exchange process in the field such as molecular recognition, environmental monitoring and civil 
defense. 
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